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. Leptospira agglutinating antibody titers in 3 horse sera before and after heat-inactivation at 56 C for 10 min.
(Ballico), autumnalis (Akiyami A), ballum (Mus 127), bataviae (Swart), canicola (Hond Utrecht IV), grippotyphosa (Andaman), hardjo (Hardjoprajitno), icterohaemorrhagiae (RGA), pomona (Pomona), pyrogenes (Salinem), tarassovi (Perepelicin) , and wolffi (3705). The antigens were propagated in polysorbate-80 medium 3 for 5 days and standardized to 25 nephelometer units for use in the MA test. Sera were received from the following animals: 16 antelope, 110 cattle, 10 goats, 43 horses, and 58 pigs. Each cattle and pig serum sample was divided into 3 aliquots and treated as follows: (1) no inactivation, (2) inactivation at 56 C for 10 minutes, and (3) inactivation at 56 C for 30 minutes. The sera from the other animals were divided; 1 aliquot was inactivated at 56 C for 10 minutes, and the other was not inactivated.
Initial testing was conducted on cattle and pig sera, and none showed enhancement of MA titers of more than 12-fold dilution following heat-inactivation. No differences in titers were seen in sera from antelope and goats after inactivation; however, 3 of 43 (7%) horse sera tested yielded enhanced titers to either australis or icterohaemorrhagiae. Each set (treated and nontreated) of the 3 sera was then tested on 6 separate days, and the geometric mean titer (GMT) was determined in an attempt to narrow reader error that can result from subjective interpretation of the MA test (Table 1) . Although the MA test is performed routinely in diagnostic laboratories, it lacks standardization, which results in inconsistencies between and within laboratories 5 The significance of finding enhanced antibody titer to L. interrogans in equine serum following heat-inactivation is not known, but this report represents the second documentation of an enhanced MA titer following heat-inactivation, and as such, this phenomenon may warrant further investigation.
Pathogenic microorganisms are those that possess virulence determinants that permit evasion of the major host defense mechanisms such as the complement system. 3, 4, 6, 9 The decision to classify a microorganism as resistant or Salient to the pathogenicity of a microorganism is whether susceptible to-the action of complement is largely empirical.
it is resistant or susceptible to the action of complement 4 For example, decisions about Escherichia coli have been made by counting them and then incubating in rabbit serum. If subsequently the number of organisms increased, remained the same, or decreased, they were declared to be resistant, intermediate, or sensitive, respectively. 8 Other workers have plotted growth curves and then, based on the observation of The in vitro testing of a microorganism's ability to resist the action of complement is paramount in the study of disease pathogenesis. At the present time, there are primarily 2 methods that are used to determine resistance or sensitivity of obvious differences, stated that one microorganism was more microorganisms to the action of complement: the qualitative resistant to complement than another. 10 microtiter technique' and the plate count technique. 8, 10 The microtiter method is nonquantitative. The plate count method is long and laborious and is not accurate. Replicate plates have discrepancies that are attributable to uneven distribu--0 . 8 Figure 1 . The regression of the correlation coefficients (r ms) of the QAM on the plate count indices (F = 6.33; df = 1, 28; 3 tion of bacteria, pipetting, counting errors, and many other system will be validated by comparing the results obtained factors. One estimate is that the normal error in the plate by QAM to the results of the standard plate technique. count may be as large as 10% l The purposes of this paper are to describe a quantitative Thirty Escherichia coli isolates selected randomly from 500 isolates cultured from the cecae of normal broiler chickautomated method a (QAM), to study complement resistance/ ens were used. sensitivity and to present a statistical method that will permit The QAM designed for experimental studies involving kithe objective classification of an E. coli as either resistant, netic changes in optical density measurements was used. module, diskette module, and graphics module. Bacterial cultures and media are loaded into 11 chamber research cartridges. The control module records and stores kinetic data (transmission data) from the analysis module by means of the diskette module. The display module provides graphic display from the recorded data. The analysis module contains light-emitting diodes and detectors that scan each reaction chamber at 5-min intervals. Data are stored in the diskette module. The analysis module also provides a constant temperature of 35 C with agitation. Optical measurements are made at 670 nm. The reproducibility of bacterial lysis and/ or growth in this modular system has been established?
Chicken plasma was collected from 7-week-old chickens and stored at -70 C. The lytic activity of chicken complement on the test organisms was monitored by the inoculation of 20 µ1 of the test organism containing 5 x l0 6 colonyforming units (CFU) into 1 ml of chicken plasma and 1 ml of heat inactivated plasma (56 C for 30 min). 5 Suspensions were placed in the QAM, and bacterial lysis and/or growth was recorded for 7 hours. Verification that complement was the bactericidal component of the plasma was done using the zymosan (25 mg/ml for 2 hours at 0 C) method. 10 The bacterial resistance to chicken complement was determined by the plate count method. 10 A 2-hour culture (10 7 CFU/ml) of the test organism grown in 1% peptone-glucose broth b was diluted 10-fold in sterile phosphate buffered saline (PBS), pH 7, and 25 µ1 added to 225 µ1 of 10% plasma (diluted in PBS) (final concentration = l0 3 CFU). Cultures were incubated at 35 C for 2 hours. Samples for culture were taken at 0 and 2 hours 2,8,10 and inoculated onto MacConkey agar b (triplicates). Plates were incubated at 35 C for 24 hours and colonies counted.
The relationship between the 15-min interval optical densities of E. coli grown simultaneously in chicken plasma and in heat-inactivated plasma was determined using Pearson's product-moment correlation. 11 Significance of the correlational coefficient (r ms) was determined with a Student's t-test. Interpretation of these results is based upon the assumption that coliform bacteria multiply in heat-treated plasma. Therefore, a significant positive correlation reflects a direct relationship between the 2 growth variables and permits the statement that the coliform in question is resistant to the action of complement. A significantly negative correlation means that there is an inverse relationship between the 2 variables. Assuming that coliforms replicate in heat-treated plasma means that to have an inverse relationship, the coliform organism must be lysing and can then be classified as being sensitive to the action of complement. Organisms that are neither sensitive nor resistant to the action of complement are classified as being intermediate.
Plate count indices were calculated by subtracting the mean logarithmic titer at time 0 from the mean logarithmic titer at 2 hours of incubation. Negative and positive indices were classified as sensitive and resistant, respectively. A 0 index was classified as intermediate. The relationships between the plate count indices and the r ms's were established by 1) an analysis of variance for linear regression where the r ms's were regressed on the indices and 2) the calculation of a correlational coefficient. 11 The r ms's regressed significantly (F = 6.33, df = 1, 28; P < 0.025) upon the indices of the plate count (Fig. 1) .
The significance and direction of the r ms's determined that 3 of the E. coli isolates were significantly sensitive to the action of complement, and that 9 were resistant ( Table  Table 1 . Comparison* of the classifications of complement resistance as measured by the correlational coefficients (r ms) generated by the QAM and the indices generated by the plate count method. 1; Figs. 2, 3) . The remaining isolates were found to be intermediate in their reaction to complement lysis. Said (Table 1) . These classifications were arrayed against the classifications generated by the r ms's. The relationship between both classifications was significant (r = 0.44, df = 28, Z = 2.38, P = 0.02).
Classification of the plate count indices by
The study was designed to evaluate the usefulness of the QAM to measure growth or lysis of ( coli in chicken complement by recording the changes in optical density. In turn, correlating the growth patterns of a microorganism grown simultaneously in heat-inactivated and unheated chicken plasma provided the methodology of objectively evaluating these growth patterns and classifying microorganisms as either sensitive, intermediate, or resistant to the action of complement.
The validity of the QAM is supported by the fact that changes in optical density significantly parallel the results obtained by the plate count method. Differences of classification of ( coli by the 2 methods are due to 2 factors. First, classification using the plate count technique is essentially dichotomous, either sensitive or resistant. Second, the QAM selects for intermediate classification because for any organism to be classified as either sensitive or resistant, its experimental growth must be significantly 3 < 0.05) different that its growth in heat-inactivated sera.
Enumerating ( coli, by the traditional manner, is long and laborious. In contrast, the QAM technique is a simple method. Also, the fact that statements concerning the resistance to complement can be accompanied by a probability statement recommends the QAM technique.
The significance of an r ms was based upon an alpha level of 0.05. This traditional criterion, although of obvious utility, may not answer the needs of every investigator. If, for example, a 0.01 alpha level of probability was deemed necessary, then microorganism numbers 22 and 23 (r ms of 0.4739 and 0.5022, respectively) would be considered intermediate in their reaction to complement.
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